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(54) Apparatus for purifying exhaust gas and method for purifying exhaust gas 



(57) An apparatus for purifying an exiiaust gas in- 
cluding particulate matters and flowing in an exhaust 
system includes a first catalyst, a second catalyst, a 
heater, an injector, a differential pressure sensor, and a 
controller. The second catalyst is an NO^^ sorbing-and- 
reducing catalyst, and is disposed on a downstream 
side of the first catalyst. The heater is for heating the 



first catalyst. The injector injects a liquid reducing agent 
into the exhaust gas, and is disposed on an upstream 
side of the first catalyst. The differential pressure sensor 
is for sensing a difference in pressure between inlet and 
outlet sides of the fist catalyst, and/or a difference in 
pressure between inlet and outlet sides of the second 
catalyst. The controller is for controlling at leastthe heat- 
er. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to an apparatus for purifying an exhaust gas, apparatus which is used in internal 
connbustion engines ennitting exhaust gases including particulate nnatters. Moreover, it relates to a method for purifying 
an exhaust gas, process which uses the apparatus. 

10 

Description of the Related Art 

[0002] Regarding gasoline engines, harnnful components in the exhaust gases have been reduced securely by the 
strict regulations on the exhaust gases and the technological developments capable of coping with the strict regulations. 

15 However, regarding diesel engines, the regulations and the technological developments have been advanced less 
compared to those of gasoline engines because of the unique circumstances that the harmful components are emitted 
as particulates (i.e., particulate matters, such as carbonaceous fine particles, sulfuric fine particles like sulfates, and 
high-molecular-weight hydrocarbon fine particles, hereinafter collectively referred to as "PMs"). 
[0003] As exhaust gas-purifying apparatuses having been developed so far for diesel engines, the following have 

20 been known. For example, the exhaust gas-purifying apparatuses can be roughly divided into trapping (or wall-flow) 
exhaust gas-purifying apparatuses and open (or straight-flow) exhaust gas-purifying apparatuses. Among these, 
plugged honeycomb structures made from ceramic (i.e., diesel PMs filters, hereinafter referred to as "DPFs") have 
been known as one of the trapping exhaust gas-purifying apparatuses. In the DPFs, the honeycomb structures are 
plugged at the opposite openings of cells in a checkered manner alternately, for instance. The DPFs comprise inlet 

25 cells plugged on the downstream side of a flow of exhaust gases, outlet cells neighboring the inlet cells and plugged 
on the upstream side of the flow of the exhaust gases, and cellular walls demarcating the inlet cells and the outlet cells. 
The DPFs inhibit the emission of PMs by filtering the exhaust gases with the pores of the cellular walls to trap PMs. 
[0004] In the DPFs, however, the pressure loss increases as PMs deposit thereon. Accordingly, it is needed to reg- 
ularly remove deposited PMs to recover the DPFs by certain means. Hence, when the pressure loss increases, de- 

30 posited PMs have been burned with burners or electric heaters conventionally, thereby recovering the DPFs. However, 
in this case, the greater the deposition of PMs is, the higher the temperature increases in burning deposited PMs. 
Consequently, there might arise cases that the DPFs are damaged by thermal stress resulting from such burning. 
[0005] Hence, continuously regenerative DPFs have been developed recently. For example, in one of the continu- 
ously regenerative DPFs, acoating layer comprising alumina is formed on the surface of the cellular walls of the DPF, 

35 and a catalytic ingredient such as platinum (Pt) is loaded on the coating layer. In accordance with the continuously 
regenerative DPFs, since the trapped PMs are oxidized and burned by the catalytic reaction of the catalytic ingredient, 
it is possible to regenerate the DPFs by burning PMs simultaneously with or successively after trapping PMs. Moreover, 
since the catalytic reaction occurs at relatively low temperatures, and since PMs can be burned when they are trapped 
less, the continuously regenerative DPFs produce an advantage that the thermal stress affecting the DPFs is so less 

40 that the DPFs are inhibited from being damaged. 

[0006] Japanese Unexamined Patent Publication (KOKAI) No. 9-1 73,866 discloses such a filter catalyst. In the filter 
catalyst, a porous coating layer composed of active alumina whose particulate diameters are larger than the average 
pore diameter of the pores in the cellular walls is formed on the surface of the cellular walls. Moreover, active alumina 
whose particulate diameters are smaller than the average pore diameter of the pores in the cellular walls is coated 

45 within the pores. In addition, a catalytic ingredient is loaded on the porous coating layer as well as on the active alumina 
coated within the pores. The filter catalyst can lower the pressure loss while increasing the specif ic surface area of the 
porous coating layer. 

[0007] Moreover, Japanese Unexamined Patent Publication (KOKAI) No. 6-159,037 discloses a filter catalyst which 

comprises the above-described porous coating layer with an NO^ sorbing material further loaded thereon. With such 
50 an arrangement, NO^ can be sorbed in the NO^ sorbing material. Consequently, when a reducing agent such as light 
oil is added into exhaust gases, it is possible to purify the sorbed NO,^ by reduction. 

[0008] However, in filter catalysts comprising coating layers on which catalytic ingredients and NOj^ sorbing materials 
are loaded, the forming amount of coating layers is restricted in view of the pressure loss. Accordingly, in order to load 
catalytic ingredients in a highly dispersed manner so as to inhibit the granular growth of catalytic ingredients at high 
55 temperatures, the loading amount of catalytic ingredients should be made less. Consequently, there arises a problem 
that the resulting filter catalysts lack the performance for purifying PMs and NO^^. Moreover, when low-temperature 
exhaust gases keep on flowing into the resulting filter catalysts, there arises another problem that PMs deposit on the 
cellular walls so much that the flow passages have been clogged to raise the pressure, because the resultant filter 
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catalysts exhibit a low PMs oxidizing activity. 

[0009] Hence, Japanese Unexamined Patent Publication (KOKAI) No. 2001 -21 2,506, Japanese Unexamined Patent 
Publication (KOKAI) No. 9-53,442 and Japanese Unexamined Patent Publication (KOKAI) No. 11-5,285 propose ex- 
haust gas-purifying apparatuses comprising straight-flow-structured oxidizing catalysts or NO^ sorbing-and-reducing 

5 catalysts and filter catalysts which are disposed in series. When straight-flow-structured catalysts are thus usedcombin- 
dely, it is possible to upgrade the purifying performance of the resulting exhaust gas-purifying apparatuses without 
increasing the pressure loss. IVIoreover, when such a straight-flow-structured catalyst is disposed on a upstream side 
of a flow of exhaust gases with respect to filter catalysts, the purifying reactions resulting from the upstream-side 
straight-flow-structured catalyst increases the temperature of exhaust gases. Accordingly, the PMs purifying perform- 

10 ance of filter catalysts upgrades. In addition, it is possible to inhibit the rise of pressure loss which results from the 
clogging. 

[0010] Incidentally, a system has been put into actual applications in order to improve an NO^ reducing activity. In 
such a system, a liquid reducing agent, such as light oil, is supplied into exhaust gases intermittently, thereby improving 
the NOjj reducing activity. Moreover, in such a system, it is possible to efficiently remove deposited PMs by oxidation, 

15 because the reaction heat resulting from the oxidation of the liquid reducing agent is further added to exhaust gases. 
Therefore, it has been carried out as well to add a liquid reducing agent to exhaust gases when PMs deposit to a certain 
extent, thereby forcibly regenerating filter catalysts by removing PMs deposited on filter catalysts by oxidation. 
[0011] Moreover, Japanese Unexamined Patent Publication (KOKAI) No. 6-173,659 discloses to dispose an NO^^ 
absorber provided with a heater in an exhaust system of internal combustion engines. When the oxygen concentration 

20 of exhaust gases is low, the heater heats the NO^ adsorber. Accordingly, it is possible to release SO^ and NG^ from 
the NOj^ absorber. Consequently, it is possible to recover the NO^ absorbing ability of the NO^^ absorber. 
[0012] In addition, Japanese Unexamined Patent Publication (KOKAI) No. 2002-1 68,117 discloses an exhaust gas- 
purifying system which comprises NO^^ sorbing-and-reducing catalysts, and a heater. The NG^ sorbing-and-reducing 
catalysts are disposed on an upstream side and a downstream side of a flow of exhaust gases, respectively. The heater 

25 heats the upstream-side NG^ sorbing-and-reducing catalyst. The exhaust gas-purifying system actuates the heaterto 
increase the temperature of the upstream-side NO^ sorbing-and-reducing catalyst when the temperature of exhaust 
gases flowing into the upstream-side NO^ sorbing-and-reducing catalyst is lower than a predetermined value, or when 
the flow rate of exhaust gases flowing into the upstream-side NO^ sorbing-and-reducing catalyst is a predetermined 
value or less. Accordingly, the reactions at the upstream-side NG^ sorbing-and-reducing catalyst can heighten the Hg/ 

30 CO concentration ratio of exhaust gases flowing into the downstream-side NOj^ sorbing-and-reducing catalyst. Con- 
sequently, the overall NO^ purifying efficiency upgrades. Moreover, the publication discloses to supply a liquid reducing 
agent, instead of disposing a heater, in order to heat the upstream-side NO^ sorbing-and-reducing catalyst using the 
oxidation heat of the liquid reducing agent. 

[0013] However, the exhaust gas-purifying system suffers from the following problems. Although the liquid reducing 
35 agent is very useful in purifying NO^ in high-temperature ranges, the liquid reducing agent flows into the upstream- 
side NOj^ sorbing-and-reducing catalyst in low-temperature ranges. Accordingly, the liquid reducing agent adheres 
onto the inlet-end surface of the upstream-side NG^ sorbing-and-reducing catalyst, and then PMs deposit on the ad- 
hered liquid reducing agent to clog the cellular passages of the upstream-side NO^ sorbing-and-reducing catalyst. 
Consequently, the exhaust pressure loss has gone up. Moreover, when forcibly regenerating the NO^ sorbing-and- 
40 reducing catalysts, it is required to supply the liquid reducing agent comparatively abundantly. As a result, there arises 
a drawback that the mileage of vehicles has deteriorated. 

SUMMARY GF THE INVENTION 

45 [0014] The present invention has been developed in view of the aforementioned circumstances. It is therefore an 
object of the present invention to inhibit the exhaust pressure loss from going up as well as to inhibit the NO^^ purifying 
performance from lowering. It is a further object of the present invention to inhibit the mileage of vehicles from deteri- 
orating. 

[0015] An apparatus according to a first aspect of the present invention for purifying an exhaust gas including par- 
50 ticulate matters and flowing in an exhaust system can solve the aforementioned problems, and is characterized by 
comprising: 

a first catalyst; 

a second catalyst that is an NO,^ sorbing-and-reducing catalyst and is disposed on a downstream side of the first 

55 catalyst; 

a heating means for heating the first catalyst; 

an injector that injects a liquid reducing agent into the exhaust gas and is disposed on an upstream side of the 
first catalyst; 
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a differential pressure sensing nneans for sensing a difference in pressure between inlet and outlet sides of the fist 
catalyst, and/or a difference in pressure between inlet and outlet sides of the second catalyst; and 
a controlling means for controlling at least the heating means. 

5 [0016] In an apparatus according to a second aspect of the present invention, the second catalyst can preferably be 
a filter catalyst comprising: 

a wall-flow-structured honeycomb substrate comprising 

10 an inlet cell plugged on a downstream side thereof, 

an outlet cell neighboring the inlet cell and plugged on an upstream side thereof, and 
a cellular wall demarcating the inlet cell and the outlet cell and having a pore therein ; and 

a catalytic layer that is formed on a surface of the cellular wall and an Inner face of the pore and comprises 

15 

an oxide support, 

a catalytic ingredient loaded on the oxide support, and 
an NO,; sorbing material loaded on the oxide support. 

20 [0017] In an apparatus according to a third aspect of the present invention, the differential pressure sensing means 
can preferably comprise: 

a first pressure sensing member of sensing a pressure at an upstream side of the first catalyst; 
a second pressure sensing member of sensing a pressure between the first catalyst and the second catalyst; and 
25 a third pressure sensing member of sensing a pressure at a downstream side of the second catalyst. 

[001 8] A first method according to the present invention for purifying an exhaust gas is characterized by comprising 

a process of using the apparatus according to either one of the first through third aspects of present Invention, 
30 wherein the process comprises 

a step of controlling the heating means to act in a case of a difference in pressure between the inlet and outlet 
sides of the first catalyst sensed by the differential pressure sensing means exceeds a predetermined value, 
and/or 

35 a step of controlling the heating means to act in a case of a difference in pressure between the inlet and outlet 

sides of the second catalyst sensed by the differential pressure sensing means exceeds a predetermined value. 

[0019] Moreover, a second method according to the present invention can preferably further comprise 

40 a step of actuating the injector to act in a case of a difference in pressure between the inlet and outlet sides of the 

second catalyst sensed by the differential pressure sensing means exceeds a predetennined value. 

[0020] For example, in the present apparatus and method for purifying an exhaust gas, thecontrolling means actuates 

the heating means to heat the first catalyst when a pressure difference arises between an inlet pressure of the exhaust 
45 gas to the second catalyst and an outlet pressure of the exhaust gas from the second catalyst, i.e., when PMs are 
detected to clog the second catalyst. Accordingly, the first catalyst facilitates the reaction oxidizing NO in the exhaust 
gases to NOg. Then, highly oxidative reactive gases including the resulting NOg flow into the second catalyst. Conse- 
quently, PMs deposited on the second catalyst are removed by oxidation. Thus, not only it is possible to upgrade the 
overall NO^^ purifying performance, but also it is possible to inhibit the exhaust pressure loss from going up. Therefore, 
50 it is possible to upgrade the mileage of vehicles, because the present apparatus and method can extend the period 
between the treatments for forcibly regenerating the second catalyst, 

[0021] Moreover, it Is possible to assume how the first catalyst is clogged at the Inlet end by detecting a differential 
pressure between an inlet pressure of the exhaust gas to the first catalyst and an outlet pressure of the exhaust gas 
from the first catalyst. When the first catalyst is detected so that it is clogged at the inlet end, the controlling means 
55 actuates the heating means to heat the first catalyst. As a result, it is possible to remove the liquid reducing agent and 
PMs adhered onto the inlet-end surface of the first catalyst by combustion. 

[0022] I n addition , it is possible to increase the inlet temperature of the exhaust gas to the second catalyst by actuating 
the injector and the heating means when forcibly regenerating the second catalyst. Accordingly the oxidation of PMs 
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is facilitated so that the second catalyst recovers the PMs trapping capability. IVIoreover, the first catalyst oxidizes the 
liquid reducing agent partially to modify the liquid reducing agent. Consequently the liquid reducing agent is turned 
into highly active HC, and the resulting highly active HC flow into the second catalyst. As a result, the reduction of 
sulfur-poisoned NO^ sorbing nnaterial is facilitated so that the second catalyst recovers the NO^ sorbing capability. 
5 Therefore, the forcible regeneration of the second catalyst is facilitated so that the period for PIVIs depositing up to the 
llnnit is extended. All in all, the mileage of vehicles upgrades, because it is possible to reduce the addition of the liquid 
reducing agent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0023] A nnore connplete appreciation of the present invention and nnany of its advantages will be readily obtained 
as the same becomes better understood by reference to the following detailed description when considered in con- 
nection with the accompanying drawings and detailed specification, all of which forms a part of the disclosure. 
[0024] Fig. 1 is an explanatory diagram for illustrating an arrangement of an exhaust gas-purifying apparatus ac- 
15 cording to Example No. 1 of the present invention. 

[0025] Fig. 2 is a flowchart for illustrating how the exhaust gas-purifying apparatus according to Example No. 1 of 
the present invention is controlled under first circumstances. 

[0026] Fig. 3 is a flowchart for illustrating how the exhaust gas-purifying apparatus according to Example No. 1 of 
the present invention is controlled under second circumstances. 
20 [0027] Fig. 4 is a flowchart for illustrating how an exhaust gas-purifying apparatus according to Comparative Example 

No. 1 is controlled under second circumstances. 

[0028] Fig. 5 is a line chart for illustrating the relationship between times and differential pressures between the inlet 
and outlet of a downstream-side NO^^sorbing-and-reducing catalyst (i.e. , second catalyst) in the exhaust gas-purifying 
apparatus according to Example No. 1 of the present invention, and the same in the exhaust gas-purifying apparatus 
25 according to Comparative Example No. 1 . 

[0029] Fig. 6 is a bar chart for illustrating the upstream-end surface blockage ratio exhibited by an upstream-side 
NOx sorbing-and-reducing catalyst (i.e., first catalyst) in the exhaust gas-purifying apparatus according to Example 
No. 1 of the present invention, and the same in an exhaust gas-purifying apparatus according to Comparative Example 
No. 2. 

30 [0030] Fig. 7 is a line chart for illustrating the variation of inlet temperatures of exhaust gases to a downstream-side 
NG^ sorbing-and-reducing catalyst (i.e., second catalyst) in the exhaust gas-purifying apparatus according to Example 
No. 1 of the present invention, and the same in the exhaust gas-purifying apparatus according to Comparative Example 
No. 2. 

[0031] Fig. 8 is a line chart for illustrating the distribution curves of the number of carbon atoms included in HC, 
35 distribution curves which were exhibited by Inlet exhaust gases to the downstream-side NO^ sorbing-and-reducing 

catalyst (i.e., second catalyst) in the exhaust gas-purifying apparatus according to Example No. 1 of the present in- 
vention as well as in the exhaust gas-purifying apparatus according to Comparative Example No. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EI\/IBODIIVIENTS 

40 

[0032] Having generally described the present invention, a further understanding can be obtained by reference to 
the specific preferred embodiments which are provided herein for the purpose of illustration only and not intended to 
limit the scope of the appended claims. 

[0033] The present exhaust gas-purifying apparatus is used in the exhaust system of internal combustion engines 
45 emitting exhaust gases including PMs. As for such internal combustion engines, diesel engines are representative 
examples. However, some of lean-burn engines emit exhaust gases including PMs. The present exhaust gas-purifying 
apparatus can be used in such lean-burn engines as well. 

[0034] As for the first catalyst, straight-flow-structured catalysts are used in general. For example, it is possible to 

use catalysts which exhibit oxidizing activities, such as oxidizing catalysts, three-way catalysts and NO^ sorbing-and- 
50 reducing catalysts. The first catalyst can especially preferably comprise NO^^ sorbing-and-reducing catalysts. The first 
catalyst can oxidize at least HC and CO included in exhaust gases. IVIoreover, when using three-way catalysts and 
NO^ sorbing-and-reducing catalysts, even NOj^ can be reduced. Note that NO included in exhaust gases is oxidized 
to turn into NO^, such as NO2, and the resulting reactive gases exhibit extremely high oxidizing activities. Therefore, 
when the highly oxidative reactive gases flow into the second catalyst, the PIVIs oxidizing activity of the second catalyst 
55 upgrades remarkably. 

[0035] The first catalyst can be provided with the heating means for heating the first catalyst. The heating means 
can be those which the controlling means can control their operations. As for the heating means, it is preferable to use 
electric heaters. Specifically, the heating means can be buried in the first catalyst, or can be disposed in casings for 
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accommodating the first catalyst. Moreover, the heating means can heat the first catalyst indirectly by heating inlet 
exhaust gases to the first catalyst. If such is the case, it is possible to further dispose a second heating means or an 
oxidizing catalyst on a more upstream side of the flow of the exhaust gases with respect to the first catalyst. 
[0036] The second catalyst is an NO^ sorbing-and-reducing catalyst. The second catalyst can be straight-f low-struc- 
5 tured catalysts. However, the second catalyst can preferably be filter catalysts formed as wall-flow structures. Specif- 
ically, such a filter catalyst can preferably comprise: 

a wall-flow-structured honeycomb substrate comprising 

10 an inlet cell plugged on a downstream side thereof, 

an outlet cell neighboring the inlet cell and plugged on an upstream side thereof, and 
a cellular wall demarcating the inlet cell and the outlet cell and having a pore therein ; and 

a catalytic layer that is formed on a surface of the cellular wall and an inner face of the pore and comprises 

15 

an oxide support, 

a catalytic ingredient loaded on the oxide support, and 
an NO,; sorbing material loaded on the oxide support. 

20 [0037] The injector disposed on an upstream side of the flow of the exhaust gases with respect to the first catalyst 

supplies a liquid reducing agent into exhaust gases. As for the injector, it is possible to use those used conventionally. 
[0038] The differential pressure sensing means is for sensing a difference in pressure between inlet and outlet sides 
of the fist catalyst, and/or a difference in pressure between inlet and outlet sides of the second catalyst. For example, 
the differential pressure sensing means senses a differential pressure between an inlet pressure of the exhaust gases 

25 to the second catalyst and an outlet pressure of the exhaust gases from the second catalyst at least. As for the differ- 
ential pressure sensing means, it is possible to use pressure sensors. Moreover, the differential pressure sensing 
means can desirably further sense a differential pressure between an inlet pressure of the exhaust gases to the first 
catalyst and an outlet pressure of the exhaust gases from the first catalyst. Note that the outlet pressure of the exhaust 
gases from the first catalyst is equal to the inlet pressure of the exhaust gases to the second catalyst. Therefore, it is 

30 satisfactory to dispose three differential pressure sensing means at most, for instance, first differential pressure de- 
tecting sensing means on an upstream side of the flow of the exhaust gases with respect to the first catalyst, second 
differential pressure sensing means between the first catalyst and the second catalyst, and third differential pressure 
sensing means on a downstream side of the flow of the exhaust gases with respect to the second catalyst. 
[0039] The controlling means controls the heating means in accordance with detection signals output by the differ- 

35 ential pressure sensing means, and actuates the heating means when the differential pressure exceeds a predeter- 
mined value. The controlling means can be those which use the function of engine control units (hereinafter abbreviated 
to as "ECU"), or can be digital circuits, such as computers, which are disposed independently of ECU. It is satisfactory 
that the controlling means controls the heating means in accordance with detection signals output by the differential 
pressure sensing means. However, the controlling means can further control the operations of the injector. 

40 [0040] For example, in the present first exhaust gas-purifying method, the controlling means actuates the heating 
means to heat the first catalyst when a pressure difference arises between an inlet pressure of the exhaust gases to 
the second catalyst and an outlet pressure of the exhaust gases from the second catalyst. Accordingly, the first catalyst 
is heated. Consequently, not only the inlet temperature of the exhaust gases to the second catalyst increases, but also 
the first catalyst oxidizes NO to generate NO^ such as NO2. The exhaust gases including the resultant NO^ are reactive 

45 gases which exhibit high oxidative activities. As a result, it is possible to remove PMs deposited on the second catalyst 
by oxidation as well as to regenerate the second catalyst to a certain extent. Therefore, the present first exhaust gas- 
purifying process can extend the period for PMs depositing up to the limit so that the period between the treatments 
for forcibly regenerating the second catalyst can be extended. Thus, it is possible to reduce the addition of the liquid 
reducing agent used for forcibly regenerating the second catalyst. All in all, rt is possible to upgrade the mileage of 

50 vehicles. 

[0041] When the first catalyst is heated in fuel-lean atmospheres, for instance, NO in exhaust gases is oxidized to 
NO2 as set forth in equation (1) below. Moreover, when the first catalyst comprises an NO^ sorbing-and-reducing 
catalyst, the heated first catalyst releases NO^ sorbed in the NO^ sorbing material. 

N + Oa^NOg + O* (1) 
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[0042] The resulting NO2 and released NO^ are sorbed in tlie NO^ sorbing nnaterial of the second catalyst, for in- 
stance, as set forth equation (2) below. 

3 2NO2 + Og + BaO Ba (NO3) g + O* (2) 

[0043] The O* atoms (i.e., active oxygen) generating as set forth in equations (1) and (2) can oxidize PMs at low 
temperatures, because they are highly reactive. Thus, the O* atoms can purify PMs deposited on the second catalyst 
by oxidation even in low-temperature ranges. 
10 [0044] On the other hand, in fuel-rich atmospheres into which a liquid reducing agent, such as light oil, is added, the 
following reactions as set forth in equation (3) below occur at the second catalyst at least. Moreover, when the first 
catalyst comprises an NO^ sorbing-and-reducing catalyst, the reactions recited in equation (3) below occur at the first 
catalyst as well. 

15 

Ba(N03)2 ^ 2NO2 + BaO + O* ^ Ng + 2O2 + BaO + O* (3) 

[0045] The O* atoms generating as set forth in equation (3) can also purify PMs by oxidation even in low-temperature 
fuel-rich atmospheres, because they are likewise highly reactive. 

[0046] When carrying out the above-described control, the heating means can desirably be actuated so as to let the 
temperature of the exhaust gases flowing through the second catalyst fall in a range of from 250 to 700 °C, further 
desirably from 300 to 700 °G, furthermore desirably from 350 to 650 °G. When the temperature of the exhaust gases 
flowing through the second catalyst is lower than 250 °C, the aforementioned operations are less likely to be effected. 
When the temperature of the exhaust gases flowing through the second catalyst is higher than 700 °C, the above- 
described advantages saturate to result in energy loss. 

[0047] Moreover, in the present first exhaust gas-purifying method, it is preferable to further actuate the heating 
means when the differential pressure between an inlet pressure of the exhaust gases to the first catalyst and an outlet 
pressure of the exhaust gases from the first catalyst is greater than a predetermined value, in addition to the above- 
described control. If such is the case, even when the liquid reducing agent adheres onto the inlet-end surface of the 
first catalyst and PMs further adhere onto the adhered liquid reducing agent, it is possible to vaporize the liquid reducing 
agent by heating the first catalyst. Thus, it is possible to solve the problems resulting from the clogged inlet-end surface 
of the first catalyst. 

[0048] In this instance, the heating means can desirably be actuated so as to let the temperature of the exhaust 

gases flowing through the first catalyst fall in a range of from 250 to 350 °G, further desirably from 275 to 325 °C., 
furthermore desirably from 300 to 31 0 °C. When the temperature of the exhaust gases flowing through the first catalyst 
is lower than 250 °G, the aforementioned operations are less likely to be effected. When the temperature of the exhaust 
gases flowing through the first catalyst is higher than 350°G, the above-described advantages saturate to result in 
energy loss. 

[0049] In addition, in the present second exhaust gas-purifying method, it is preferable to actuate the injector and 
the heating means when the differential pressure between an inlet pressure of the exhaust gases to the second catalyst 
and an outlet pressure of the exhaust gases from the second catalyst is greaterthan a predetermined value. Accordingly, 
PMs deposited on the second catalyst is removed by oxidation f acilitatively. Gonsequently, the second catalyst recovers 
the PMs trapping capability. Note that the first catalyst oxidizes the liquid reducing agent partially, and the resulting 
modified highly active HO flow into the second catalyst. Therefore, even when the NO^ sorbing material of the second 
catalyst is sulfur poisoned, the second catalyst can release the deposited sulfur as SO2 by reduction reactions, and 
thereby regenerating the NO^ sorbing capability of the NO,^ sorbing material. 

[0050] If such is the case, the heating means can desirably be actuated so as to let the temperature of the exhaust 
gases flowing through the second catalyst fall in a range of from 600 to 700 °C, further desirably from 630 to 680 °C, 
furthermore desirably from 650 to 670 °C. When the temperature of the exhaust gases flowing through the second 
catalyst is lower than 600 °G, PMs are likely to reside in the second catalyst. When the temperature of the exhaust 
gases flowing through the second catalyst is higher than 700 °C, not only the above-described advantages saturate 
to result in energy loss but also heat shocks might damage the second catalyst. 

EXAMPLES 

55 

[0051] Hereinafter, the present invention will be described in detail with reference to examples and comparative 
examples. 
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(Example No. 1) 

[0052] Fig. 1 illustrates an exhaust gas-purifying apparatus according to Example No. 1 of the present invention. An 
exhaust system of a direct-injection diesel engine 1 is branched into two flow passages from an exhaust manifold 10. 

5 A turbocharger 2 is disposed in one of the flow passages, and an exhaust gas recirculation (hereinafter abbreviated 
to as "EGR") cooler 3 is disposed in the other one of the flow passages. The exhaust gases emitted from the turbo- 
charger 2 pass through a catalytic converter, and are discharged to the outside. On the other hand, the exhaust gases 
passing through the EGR cooler 3 are returned to an intake manifold 11 while the flow rate is controlled by an EGR 
valve 30. An injector 1 2 is installed on an upstream side of the flow of the exhaust gases with respect to the turbocharger 

10 2 so that it can add light oil into the exhaust gases. A straight-flow-structured NO^ sorbing-and-reducing catalyst 4 is 
disposed on a downstream side of the flow of the exhaust gases with respect to the turbocharger 2. Moreover, a wall- 
flow-structured NOy^ sorbing-and-reducing catalyst 5 is disposed on a downstream side of the flow of the exhaust gases 
with respect to the straight-flow-structured NO^ sorbing-and-reducing catalyst 4. Note that the straight-flow-structured 
NOx sorbing-and-reducing catalyst 4 is provided with an electric heater 40. 

15 [0053] A first pressure sensor 41 is disposed on an upstream side of the flow of the exhaust gases with respect to 
the straight-flow-structured NO^ sorbing-and-reducing catalyst 4 to detect a pressure of the inlet exhaust gases to the 
straight-flow-structured NO^^ sorbing-and-reducing catalyst 4. Moreover, a second pressure sensor 50 is disposed on 
an upstream side of the flow of the exhaust gases with respect to the wall-flow-structured NO^^ sorbing-and-reducing 
catalyst 5. In addition, a third pressure sensor 51 is disposed on a downstream side of the flow of the exhaust gases 

20 with respect to the wall-flow-structured NO^ sorbing-and-reducing catalyst 5. The second pressure sensor 50 detects 
a pressure of the inlet exhaust gasesto the wall-flow-structured NO^ sorbing-and-reducing catalyst5. Thethird pressure 
sensor 51 detects a pressure of the outlet exhaust gases from the wall-flow-structured NOj^ sorbing-and-reducing 
catalyst 5. The detection signals detected by the pressure sensors 41 , 50, 51 are input into a controller 6. Thus, the 
controller 6 controls to turn on and off the electric heater 40 in accordance with the detection signals emitted from the 

25 pressure sensors 41 , 50, 51 . Moreover, the controller 6 controls the injector 12 as well. 

[0054] The straight-flow-structured NO^^ sorbing-and-reducing catalyst 4 comprises a straight-flow-structured hon- 
eycomb-shaped substrate made of cordierite, an AI2O3 coating layer, and Pt, Rh, Ba, Kand Li. The honeycomb-shaped 
substrate has a volume of 1 L, and comprises cells in an amount of 600 cells/inch^, cellular walls and cellular passages. 
The AlgOg coating layer is formed on a surface of the cellular passages of the honeycomb-shaped substrate. The Pt, 

30 Rh, Ba, K and Li are loaded on the AI2O3 coating layer. Note that the coating layer is formed in an amount of 250 g 
with respect to 1 L of the honeycomb-shaped substrate. Moreover, the Pt, Rh, Ba, K and Li are loaded in an amount 
of 5 g, 0.5 g, 0.1 mol, 0.1 mol and 0.2 mol, respectively, with respect to 1 L of the honeycomb-shaped substrate. 
[0055] Moreover, the wall-flow-structured NO^ sorbing-and-reducing catalyst 5 comprises a wall-flow-structured hon- 
eycomb-shaped substrate made of cordierite, an AI2O3 coating layer, and Pt, Rh, Ba, K and Li. The honeycomb-shaped 

35 substrate has a volume of 2 L, and comprises inlet cells, outlet cells and porous cellular walls. The inlet cells are 
plugged on a downstream side of the flow of the exhaust gases. The outlet cells neighborthe inlet cells, and are plugged 
on an upstream side of the flow of the exhaust gases. The porous cellular walls demarcate the inlet cells and the outlet 
cells, and have a large number of pores whose average pore diameter is 20 |a,m. The AI2O3 coating layer is formed on 
a surface of the cellular walls of the honeycomb-shaped substrate as well as on a surface of the pores of the cellular 

40 walls. The Pt, Ba, K and Li are loaded on the AI2O3 coating layer. Note that the AlgOg coating layer is formed in an 
amount of 1 50 g with respect to 1 L of the honeycomb-shaped substrate. Moreover, the Pt, Rh, Ba, K and Li are loaded 
in an amount of 5 g, 0.5 g, 0.1 mol, 0.1 mol and 0.2 mol, respectively, with respect to 1 L of the honeycomb-shaped 
substrate. 

[0056] An engine testing bench was prepared which was equipped with a direct-injection diesel engine whose dis- 
45 placement was 2 L. The exhaust gas-purifying apparatus according to Example No. 1 was disposed in the exhaust 
system of the diesel engine. Then, the diesel engine was driven in a pattern simulating the Japanese "11 Lap" mode 
for 50 hours (i.e. , the average vehicle speed was 46 knn/h, and the travelling distance was about 2,000 km). Note that 
the diesel engine was driven alternately in fuel-lean atmospheresfor 8 seconds while supplying air-fuel mixtures whose 
A/F fluctuated in a range of from 18 to 30, and in fuel-rich atmospheres for 2 seconds while carrying out rich spiking 
50 in which light oil was injected into the exhaust gases at a flow rate of 0.1 c.c./sec. During the examination, the average 
mileage of the diesel engine and the PMs deposition on the straight-flow-structured NO^ sorbing-and-reducing catalyst 
4 and wall-flow-structured NO^ sorbing-and-reducing catalyst 5 were measured. Table 1 below sets forth the results. 
[0057] How the controller 6 controlled the electric heater 40 duringtheabove-describe examination will be hereinafter 
described with reference to the flowcharts illustrated in Figs. 2 and 3. Note that the controller 6 controlled the electric 
55 heater 40 in parallel with the driving of the diesel engine under the aforementioned lean-rich conditions. 

[0058] Firstly, at step 100, detection signals emitted from the first and second pressure sensors 41 , 50 were input 
into the controller 6 to determine a pressure Pq of the inlet exhaust gases to the straight-flow-structured NO^ sorbing- 
and-reducing catalyst 4 and a pressure P^ of the outlet exhaust gases from the straight-flow-structured NO^ sorbing- 
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and-reducing catalyst 4. At step 1 01 , the controller 6 figured out the current driving situations of the diesel engine. At 
step 102, the controller 6 calculated a target differential pressure based on a nnap stored therein in advance. 
[0059] At step 1 03, the controller 6 compared the actual differential pressure (Pq - Pi) with the target differential P^. 
When Pq - p., ^ P^^, the controller 6 regarded at step 1 05 that the electric power supply to the heater 40 was turned 

5 off. Thereafter, the controller 6 returned the processing back to step 100. On the other hand, when Pq - Pi > Py 

controller 6 turned on the electric power supply to the heater 40 at step 104 so that the straight-flow-structured NO^ 
sorbing-and-reducing catalyst 4 is heated to 250°C. Accordingly, the light oil adhered on the inlet-end surface of the 
straight-flow-structured NO^ sorbing-and-reducing catalyst 4 was vaporized, and simultaneously PMs deposited ther- 
eon were oxidized facultatively. Thereafter, the controller 6 returned the processing back to step 100. Consequently, 

10 the controller 6 controlled the electric heater 40 so as to keep on heating the straight-flow-structured NO^ sorbing-and- 
reducing catalyst 4 until the actual differential pressure (Pq - Pi) become the target differential P^ or less (i.e., Pq - Pi 

[0060] Moreover, the processing illustrated Fig. 3 was carried out in parallel with the above-described processing. 
In the parallel processing, at step 200, detection signals emitted from the second and third pressure sensors 50, 51 

15 were first input into the controller 6 to determine a pressure P^ of the inlet exhaust gases to the wall-flow-structured 
NOj( sorbing-and-reducing catalyst 5 and a pressure P2 of the outlet exhaust gases from the wall-flow-structured NO^^ 
sorbing-and-reducing catalyst 5. At step 201 , the controller 6 figured out the current driving situations of the diesel 
engine. At step 202, the controller 6 calculated a first target differential pressure Py and a second target differential 
pressure P^ based on a map stored therein in advance. Note that the second target differential pressure P^ is a differ- 

20 ential pressure at which the wall-flow structure NO^ sorbing-and-reducing catalyst 5 should be forcibly regenerated. 
Moreover, the first target differential pressure Py is smaller than the second target differential pressure P^ (i.e., Py < P^). 
[0061] At step 203, the controller 6 compared the actual differential pressure (P^ - Pg) with the second target differ- 
ential P^ calculated from the current driving situations of the diesel engine. When Pi - P2 > Pz- controller 6 judged 
that the wall-flow-structured NO^ sorbing-and-reducing catalyst 5 was clogged. Then, the controller 6 continued the 

25 processing so that the wall-flow-structured NO^ sorbing-and-reducing catalyst 5 was forcibly regenerated starting at 
step 204. 

[0062] When the wall -flow-structured NO^ sorbing-and-reducing catalyst 5 was forcibly regenerated at step 204, the 
injector 12 added light oil into the exhaust gases at an addition rate of 0.1 c.c/sec. Virtually simultaneously therewith, 
at step 205, the controller 6 turned on the electric power supply to the heater 40 so that the straight-flow-structured 

30 NOj^ sorbing-and-reducing catalyst 4 was heated to 250 °C. Accordingly, not only the temperature of the inlet exhaust 
gases flowing into the wall-flow-structured NO^ sorbing-and-reducing catalyst 5 increased, but also the straight-flow- 
structured NO^ sorbing-and-reducing catalyst 4 facilitated the modification reaction of the light oil. Thus, not only the 
light oil was gasified, but also modified active HCflowed into the wall-flow-structured NOjj sorbing-and-reducing catalyst 
5. Therefore, the wall -flow-structured NO^ sorbing-and-reducing catalyst 5 removed trapped PMs by oxidation effi- 

35 ciently. Then, atstep 206, a pressure P^ of the inlet exhaust gases to the wall-flow-structured NO^ sorbing-and-reducing 
catalyst 5 and a pressure Pg of the outlet exhaust gases from the wall-flow-structured NO^^ sorbing-and-reducing cat- 
alyst 5 were re-input into the controller 6. Thereafter, the controller 6 returned the processing back to step 203. Con- 
sequently, the controller 6 repeated the processes designated at steps 204 through 206 until the second target differ- 
ential pressure P^ become less than the actual differential pressure (Pi - P2), that is, Pz < Pi - P2- 

40 [0063] At step 203, when the actual differential pressure (P^ - Pg) was the second target differential pressure P^ or 
less, the controller 6 turned off the injector 12 to stop adding the light oil at step 207. At step 208, the controller 6 
compared the actual differential pressure (P^ - Pg) with the first target differential pressure Py. At step 208, when (Pi 
- P2) = Py, the controller 6 turned off the electric power supply to the heater 40 at step 21 0. Thereafter, the controller 
6 returned the processing back to step 200. 

45 [0064] On the contrary, at step 208, when (P^ - P2) > Py, the controller 6 turned on the electric power supply to the 
heater 40 at step 209 so that the straight-flow-structured NO^^ sorbing-and-reducing catalyst 4 was heated to 350 °C. 
Accordingly, not only the straight-flow-structured NOj^ sorbing-and-reducing catalyst 4 exhibited an enhanced NO ox- 
idizing activity, but also released NO^ stored therein. Consequently, PMs stored in the wall-flow-structured NO^ sorbing- 
and-reducing catalyst 5 were oxidized, because highly reactive exhaust gases including NO^ flowed into the wall-flow- 

50 structured NO^^ sorbing-and-reducing catalyst 5. Thereafter, the controller 6'returned the processing back to step 200. 
Thus, the controller 6 controlled the electric heater 40 so as to keep on heating the straight-flow-structured NO^ sorbing- 
and-reducing catalyst 4 until the actual differential pressure (Pi - Pg) become the first target differential Py or less (i. 
e.,Pi-P2^Py). 

55 (Comparative Example No. 1) 

[0065] Except that the first pressure sensor 41 is not disposed on an upstream side of the flow of the exhaust gases 
with respect to the straight-flow-structured NO^ sorbing-and-reducing catalyst 4; and the straight-flow-structured NO^ 
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sorbing-and-reducing catalyst 4 is not provided with tlie electric heater 40, Comparative Example No. 1 uses the same 
exhaust gas-purifying apparatus as that of Example No. 1 . 

[0066] The exhaust gas-purifying apparatus according to Comparative Example No. 1 was examined for the average 
mileage of the diesel engine and the PMs deposition on the straight-flow-structured NO^ sorbing-and-reducing catalyst 
5 4 and wall-flow-structured NO^ sorbing-and-reducing catalyst 5 in the same manner as the exhaust gas-purifying ap- 
paratus according to Example No. 1 was examined. Table 1 below sets forth the results. 

[0067] In Comparative Example No. 1 , how the controller 6 controlled the electric heater 40 during the above-describe 
examination will be hereinafter described with reference to the flowchart illustrated in Fig. 4. 

[0068] Firstly, at step 300, detection signals emitted from the second and third pressure sensors 50, 51 were input 
10 into the controller 6 to determine a pressure of the inlet exhaust gases to the wall-flow-structured NO^ sorbing-and- 
reducing catalyst 5 and a pressure of the outlet exhaust gases from the wall-flow-structured NO^^ sorbing-and- 
reducing catalyst 5. At step 301 , the controller 6 figured out the current driving situations of the diesel engine. At step 

302, the controller 6 calculated a target differential pressure P^ based on a map stored therein in advance. At step 

303, the controller 6 compared the actual pressure difference (Pi - P2) with the target differential pressure P^. 

15 [0069] When Pi - P2 > ^z- controller 6 judged that the wall -flow-structured NOj^ sorbing-and-reducing catalyst 5 
was clogged. Then, the controller 6 controlled the revolution speed of the diesel engine to 2, 400 rpm at step 304 so 
that the temperature of the inlet exhaust gases to the wall-flow-structured NO,^ sorbing-and-reducing catalyst 5 was 
adjusted to about 350 °C. Simultaneously therewith, at step 305, the injector 12 added light oil into the exhaust gases 
at an addition rate of 0.1 c. c. /sec. Then, at step 306, apressure P^ of the inlet exhaust gases to the wall-flow-structured 

20 NOx sorbing-and-reducing catalyst 5 and a pressure P2 of the outlet exhaust gases from the wall-flow-structured NO^ 
sorbing-and-reducing catalyst 5 were re-input into the controller 6. Thereafter, the controller 6 returned the processing 
back to step 303. Consequently, the controller 6 held the engine revolution of the diesel engine to 2, 400 rpm, and kept 
the injector 12 to add the light oil until the actual differential pressure (P^ - P2) become the target differential pressure 
P2 or less, that is, P^-P^^ P^. 

25 [0070] On the contrarily, when P^ - Pg ^ P^ at step 303, the controller 6 regarded at step 307 that the injector 12 
was not actuated and the engine revolution of the diesel engine was those under ordinary driving circumstances. 
Hence, the controller 6 returned the processing back to step 300. 

(Comparative Example No. 2) 

30 

[0071] Except that the controller 6 does not carry out any control. Comparative Example No. 2 has the same ar- 
rangements as those of the exhaust gas-purifying apparatus according to Example No. 1 . 

[0072] The exhaust gas-purifying apparatus according to Comparative Example No. 2 was examined for the average 
mileage of the diesel engine and the PMs deposition on the straight-flow-structured NO^ sorbing-and-reducing catalyst 
35 4 and wall-flow-structured NO^ sorbing-and-reducing catalyst 5 in the same manner as the exhaust gas-purifying ap- 
paratus according to Example No. 1 was examined. Table 1 below sets forth the results. 



TABLE I 



40 



45 



Average Mileage (km/L) 


Comp . Ex . No . 2 
17.2 


Comp . Ex . No , 1 
16. 7 


Ex. No. 1 
17 . 0 


Mileage Upgrade Ratio (%) 


Datum 


Upgraded More 
than Datum by 
3-0% 


Upgraded More 
than Datum by 
1.5% 


PMs Decomposition (g/L) 


15 


3 


1.5 



(Evaluation) 

50 [0073] Fig. 5 illustrates the relationships between times and actual differential pressures AP (Pi - P2) which were 
exhibited by the exhaust gas-purifying apparatuses according to Example No. 1 and Comparative Example No. 1 being 
controlled in the above-described manners. In the exhaust gas-purifying apparatus according to Example No. 1, the 
time required for raising the actual differential pressure (P^ - P2) to the predetermined differential pressure P^ was 
extended to as much as about twice as that in the exhaust gas-purifying apparatus according to Comparative Example 

55 No. 2, because the electric heater 40 was turned on and off frequently. 

[0074] From Table 1 above, it is apparent that the exhaust gas-purifying apparatus according to Example No. 1 
exhibited a PMs deposition less than those exhibited by the exhaust gas-purifying apparatuses according to Compar- 
ative Example Nos. 1 and 2, and that the mileage shown by the exhaust gas-purifying apparatus according to Example 
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No. 1 was better than that shown by the exhaust gas-purifying apparatus according to Comparative Example No. 2. 
Thus, when the electric heater 40 is controlled appropriately in accordance with the detection signals output by the 
pressure sensors 41 , 50 and 51 as described in Example No. 1 , it is possible to extend the period between the treat- 
ments for forcibly regenerating the wall-flow-structured NO^ sorbing-and-reducing catalyst 5 and accordingly to reduce 
5 the addition of the light oil. As a result, the mileage of the diesel engine equipped with the exhaust gas-purifying ap- 
paratus according to Example No. 1 was upgraded. Moreover, it is evident that the exhaust gas-purifying apparatus 
according to Example No. 1 purified deposited PMs by oxidation more efficiently than the exhaust gas-purifying appa- 
ratuses according to Comparative Example Nos. 1 and 2 did. 

10 (Experimental Example No. 1) 

[0075] The exhaust gas-purifying apparatuses according to Example No. 1 and Comparative Example No. 2 were 
operated for 2 hours while adding light oil through the injector 12 under the following conditions: 

15 the above-described diesel engine was driven at a revolving speed of 1 , 600 rpm with a torque of 30 Nm on an 

engine testing bench; and 

the temperature of the inlet exhaust gases to the straight-flow-structured NO^ sorbing-and-reducing catalyst 4 was 
set at 200 °C. 

20 When operating the exhaust gas-purifying apparatus according to Example No. 1 , the control was carried out in the 
same manner as described in Example No. 1 . Thereafter, the straight-flow-structured NOj^ sorbing-and-reducing cat- 
alyst 4 was removed to observe the inlet-end surface. Then, the end-surface blockage ratio of the straight-flow-struc- 
tured NOj^ sorbing-and-reducing catalyst 4 was calculated by an image analysis. Fig. 6 illustrates the result. 
[0076] From Fig. 6, it is appreciated that, in the exhaust gas-purifying apparatus according to Example No. 1 , the 

25 inlet-end surface of the straight-flow-structured NO^ sorbing-and-reducing catalyst 4 was remarkably inhibited from 
being closed. That is, when the electric heater 40 is controlled appropriately in accordance with the detection signals 
output by the first and second pressure sensors 41 and 50 as described in Example No. 1, it is apparent that it is 
possible to prevent not only the light oil but also PMs from depositing on the inlet-end surface of the straight-flow- 
structured NOjj sorbing-and-reducing catalyst 4. 

30 

(Experimental Example No. 2) 

[0077] The exhaust gas-purifying apparatuses according to Example No. 1 and Comparative Example No. 2 were 
operated for 2 hours while adding light oil through the injector 12 under the following conditions: 

35 

the above-described diesel engine was driven at a revolving speed of 2, 900 rpm with a torque of 80 Nm on an 
engine testing bench; and 

the temperature of the inlet exhaust gases to the wall-flow-structured NO^ sorbing-and-reducing catalyst 5 was 
set at 350 °C. 

40 

When operating the exhaust gas-purifying apparatus according to Example No. 1, the control was carried out in the 
same manner as described in Example No. 1 . During the operation, the inlet exhaust gases to the wall-flow-structured 
NOx sorbing-and-reducing catalyst 5 were examined for the temperature variation and HC composition. 
Fig. 7 illustrates the resulting temperature variation. Fig. 8 illustrates the resultant HC composition. 

45 [0078] From Fig. 7, it is seen that the temperature of the inlet exhaust gases to the wall-flow-structured NO^ sorbing- 
and-reducing catalyst 5 was higher in the exhaust gas-purifying apparatus according to Example No. 1 than that in the 
exhaust gas-purifying apparatus according to Comparative Example No. 2. Thus, it is evident that the electric heater 
40 actuated as described above increased the temperature of the inlet exhaust gases to the wall-flow-structured NO^ 
sorbing-and-reducing catalyst 5. 

50 Moreover, it is possible to notice from Fig. 8 that, in the exhaust gas-purifying apparatus according to Example No. 1 , 
HC in the inlet exhaust gases to the wall-flow-structured NG^ sorbing-and-reducing catalyst 5 exhibited lower molecular 
weights than those in the exhaust gas-purifying apparatus according to Comparative Example No. 2. This fact implies 
that the light oil was oxidized partially, and was modified eventually. 

55 

Claims 

1. An apparatus for purifying an exhaust gas including particulate matters and flowing in an exhaust system, char- 
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acterized by comprising: 

a first catalyst; 

a second catalyst that is an NO^ so rbing-and- reducing catalyst and is disposed on a downstream side of the 
first catalyst; 

a heating means for heating the first catalyst; 

an injector that injects a liquid reducing agent into the exhaust gas and is disposed on an upstream side of 
the first catalyst; 

a differential pressure sensing means for sensing a difference in pressure between inlet and outlet sides of 
the fist catalyst, and/or a difference in pressure between inlet and outlet sides of the second catalyst; and 
a controlling means for controlling at least the heating means. 

An apparatus according to claim 1 , wherein the second catalyst is a filter catalyst comprising: 

a wall-flow-structured honeycomb substrate comprising 

an inlet cell plugged on a downstream side thereof, 

an outlet cell neighboring the inlet cell and plugged on an upstream side thereof, and 
a cellular wall demarcating the inlet cell and the outlet cell and having a pore therein; and 

a catalytic layer that is formed on a surface of the cellular wall and an inner face of the pore and comprises 

an oxide support, 

a catalytic ingredient loaded on the oxide support, and 
an NOx sorbing material loaded on the oxide support. 

An apparatus according to claim 1 or 2, wherein the first catalyst comprises: 

a straight-flow-structured honeycomb substrate comprising 

a cell through which the exhaust gas flows from an upstream side to a downstream side, and 
a cellular wall demarcating the cell; and 

a catalytic layer comprising 

an oxide support, and 

a catalytic ingredient loaded on the oxide support. 

An apparatus according to claim 3, wherein the catalytic layer of the first catalyst further comprises an NO^ sorbing 
material loaded on the oxide support. 

An apparatus according to either one of claims 1 through 4, wherein the first catalyst is provided with the heating 
means. 

An apparatus according to either one of claims 1 through 5, wherein the differential pressure sensing means com- 
prises: 

a first pressure sensing member of sensing a pressure at an upstream side of the first catalyst; 

a second pressure sensing member of sensing a pressure between the first catalyst and the second catalyst; 

and 

a third pressure sensing member of sensing a pressure at a downstream side of the second catalyst. 

A method for purifying an exhaust gas, characterized by comprising 

a process of using the apparatus according to either one of claims 1 through 6, 
wherein the process comprises 

a step of controlling the heating means to act in a case of a difference in pressure between the inlet and 
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outlet sides of the first catalyst sensed by the differential pressure sensing means exceeds a predeter- 
mined value, and/or 

a step of controlling the heating means to act in a case of a difference in pressure between the inlet and 
outlet sides of the second catalyst sensed by the differential pressure sensing means exceeds a prede- 
5 tennined value. 

8. A method for purifying an exhaust gas according to claim 7, wherein the process further comprises 

a step of actuating the injector to act in a case of a difference in pressure between the inlet and outlet sides 
10 of the second catalyst sensed by the differential pressure sensing means exceeds a predetermined value. 

9. A method for purifying an exhaust gas according to claim 7 or 8, wherein the heating means is controlled to heat 
the exhaust gas so as to stream the exhaust gas in a temperature ranging from 250 to 350 °C through the first 
catalyst. 

15 

10. A method for purifying an exhaust gas according to claim 7 or 8, wherein the heating means is controlled to heat 
the exhaust gas so as to stream the exhaust gas in a temperature ranging from 250 to 700 °C through the second 
catalyst. 

20 11. A method for purifying an exhaust gas according to claim 7 or 8, wherein the heating means is controlled to heat 
the exhaust gas so as to stream the exhaust gas in a temperature ranging from 600 to 700 °C through the second 
catalyst. 
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